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1

DC/DC CONVERTER WITH MULTIPLE
OPERATING MODES

This 1s a continuation of application Ser. No. 08/629,573,
filed Apr. 9, 1996, now U.S. Pat. No. 5,949,226.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a DC/DC converter, 1n
particular, to a technology for reducing the power consump-
tion of a DC/DC converter and for improving the converting
efliciency.

2. Description of the Related Art

A DC/DC converter 1s an apparatus that converts a
particular DC mput voltage into another DC voltage and
outputs the converted DC voltage. The DC/DC converter 1s
used for various systems. The output voltage of the DC/DC
converter should be free from fluctuation. When the DC/DC
converter 1s installed in a portable terminal or the like, the
power consumption of the DC/DC converter should be as
small as possible.

FIG. 1 1s a circuit diagram showing a structure of a
conventional DC/DC converter. The DC/DC converter
shown 1n FIG. 1 converts an input voltage V. 1nto an output
voltage V_ .. The DC/DC converter controls the power to be
supplied to a load corresponding to a PEM (pulse frequency
modulation) method. In the PFM system, when the load
requires a high current, the pulse frequency (pulse generat-
ing frequency) is increased. When the load does not require
a high current, the pulse frequency 1s decreased.

A pulse frequency modulator 1 receives the output signal
V_ . as a feedback signal and outputs a pulse signal for
causing a switching device 3 to be turned on with a pulse
frequency corresponding to the voltage V_ . A driver 2 turns
on the switching device 3 for a predetermined time period
whenever the driver 2 receives the pulse signal from the
pulse frequency modulator 1. The switching device 3 1s
turned on or off corresponding to an on/off control signal
received from the driver 2. The switching device 3 1is
composed of, for example, a P-channel type MOS transistor.
When the signal level of the output signal of the driver 2 1s
“L”, the switching device 3 1s turned on.

When the switching device 3 1s turned on, a current flows
from the switching device 3 to a condenser C through a coil
L. An electrical charge 1s stored 1n the condenser C and
thereby the output voltage V_  increases. Thus, when the
output voltage V_ . decreases to a designated voltage or less,
the pulse frequency modulator 1 increases the pulse fre-
quency and thereby increases the number of pulses for
turning on the switching device 3. On the other hand, when
the output voltage V_ 1ncreases and exceeds the designated
voltage, the pulse frequency modulator 1 decreases the pulse
frequency and thereby decreases the number of pulses for
turning on the switching device 3. In the PFM method, the
output voltage V___ 1s kept constant.

FIGS. 2A, 2B, and 2C are schematic diagrams showing
output signals of the pulse frequency modulator 1. In FIGS.
2A, 2B, and 2C, each pulse (a period in the “H” level) causes
the switching device 3 to be turned on.

While the load current 1s small, as shown 1n FIG. 2A, the
pulse frequency of the pulse frequency modulator 1 1s
relatively low. On the other hand, when the load current
increases and the output voltage V_ . decreases to the
designated voltage or less, as shown 1n FIG. 2B, the pulse
frequency modulator 1 increases the pulse frequency. In
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other words, the frequency with which the switching device
3 1s turned on 1is increased so as to increase the output
voltage V_ . In the PFM method, the output voltage V_ . 1s
kept constant 1n such a manner.

When the DC/DC converter 1s installed 1n a portable
computer or the like, the power consumption of the DC/DC
converter should be reduced as much as possible so as to
prolong the operation life of the terminal. However, the
conventional DC/DC converter cannot satisfactorily reduce
the power consumption.

In other words, when the DC/DC converter 1s 1nstalled 1n
a portable computer or the like, the size of the DC/DC
converter should be significantly reduced. In this case, the
sizes of the condenser C and the coil L should be reduced.
However, a frequency of an oscillator should be up to around
several 100’s of KHz, and as shown 1n FIG. 2C, a cycle of

a pulse operation becomes short, the pulse frequency should
be mcreased 1n the PFM method.

When the pulse frequency 1s increased, the amount of
current per pulse decreases. Thus, to supply a predetermined
amount of current to the load, the number of pulses should
be increased. However, since the switching device 3 1s
turned on and off corresponding to each pulse, when the
number of pulses increases, the number of times of the
switching operation of the switching device 3 increases.
When the switching device 3 1s turned on or off, an energy
loss results. Thus, the converting efficiency of the DC/DC
converter deteriorates.

In the above-described structure, an oscillator 4 1s essen-
tial (for example, disposed 1n the pulse frequency modulator
1). The oscillator 4 is always operating. In other words, in
the PFM system, the oscillator 4 always oscillates at a
predetermined frequency. A part of the pulse signal gener-
ated by the oscillator 4 1s output as the output signal of the
pulse frequency modulator 1. Thus, even if the load current
1s small and the pulse frequency 1s low, the oscillator 4
operates as with the case that the load current 1s large.
Although the current consumed by the DC/DC converter
should be decreased 1n proportion to the load current, the
current consumed by the oscillator 4 1s constant. Thus, even
when the load current 1s small, the current consumed by the
DC/DC converter cannot be decreased.

In addition, when the pulse frequency 1s varied, ripples of
the output voltage V_ . become unstable. Thus, radiation
noise takes place and the bandwidth of noise of the power
system of the load connected to the DC/DC converter
becomes wide. Consequently, it 1s difficult to remove such
noise.

As described above, 1n the conventional DC/DC
converter, the current consumption cannot be satisfactorily
reduced and the bandwidth of noise 1s wide.

SUMMARY OF THE INVENTION

An object of the present invention 1s to reduce the current
consumption of the DC/DC converter and improve the
converting efficiency.

The DC/DC converter according to the present invention
controls a switching unit so as to vary the coil current and
control the output voltage. In addition, the DC/DC converter
according to the present invention has at least a heavy load
mode and a light load mode as operation modes for supply-
ing a current to a load. To operate the DC/DC converter in
the light load mode,-the following units are provided.

An output monitoring unit 1s adapted for monitoring an
output value (output voltage) and outputting a first signal
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when the output value becomes smaller than a reference
value. A current monitoring unit 1s adapted for monitoring a
coll current, outputting a second signal when the coil current
increases to a first current value, and outputting a third signal
when the coil current decreases to a second current value.
The first current value 1s larger than the second current
value. A controlling unit 1s adapted for turning on the
switching unit when the first signal 1s received and for
turning off the switching unit when the second signal is
received. The controlling unit 1s adapted for 1gnoring the
first signal that is output from the output monitoring unit
after the first signal 1s received until the third signal 1s
received.

The coil current increases when the first signal 1s output.
The coil current decreases when the second signal 1s output.
The coil current at the time when the third signal 1s output
1s equal to the coil current at the time when the first signal
1s output. In other words, the period between when the first
signal 1s output and the third signal 1s output 1s a cycle of the
coil current. The controlling unit 1gnores the output signal of
the output monitoring unit after the controlling unit receives
the first signal until it receives the third signal. Thus, the
cycle of the coil current 1s not stopped. In addition, in the
middle of a particular cycle of coil current, another cycle
does not start.

These and other objects, features and advantages of the
present mnvention will become more apparent 1n light of the
following detailed description of best mode embodiments
thereol, as 1llustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram showing a structure of a
conventional DC/DC converter;

FIGS. 2A to 2C are schematic diagrams showing output
signals of a pulse frequency modulator shown 1n FIG. 1;

FIG. 3 1s a block diagram showing a structure of a DC-DC
converter according to a first aspect of the present invention;

FIG. 4 1s a circuit diagram showing a structure of a
DC/DC converter according to an embodiment of the first
aspect of the present invention;

FIG. 5 1s a timing chart for explaining an operation of the
DC/DC converter shown 1n FIG. 4;

FIGS. 6A and 6B are schematic diagrams for comparing,
the method of the embodiment and the conventional PFM
method 1n the case that a predetermined power 1s supplied to
a load;

FIG. 7 1s a circuit diagram showing another structure of
the DC/DC converter according to the first aspect of the
present mvention;

FIG. 8 1s a block diagram showing a structure of a DC/DC
converter according to a second aspect of the present inven-
tion;

FIG. 9 1s a circuit diagram showing a DC/DC converter

according to an embodiment of the second aspect of the
present invention;

FIG. 10 1s a timing chart for explaining an operation of the
DC/DC converter shown 1n FIG. 9;

FIG. 11 1s a timing chart for explaining an operation of a
comparator for detecting a coil current;

FIG. 12 is a timing chart for explaining an operation of the
DC/DC converter shown 1n FIG. 9 1n the case that a count
value 1s reset;

FIG. 13 1s a schematic diagram showing the relation
between a power supply cycle and an average value of a coil
current;
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FIG. 14 1s a block diagram showing a structure of a
DC/DC converter according to a third aspect of the present
mvention;

FIG. 15 1s a circuit diagram showing a structure of a
DC/DC converter according to an embodiment of the third
aspect of the present invention;

FIG. 16 1s a circuit diagram showing a mode switching,
controlling circuit and peripheral circuits thereof;

FIG. 17 1s a timing chart for explaining an operation of the
DC/DC converter shown 1n FIG. 16;

FIGS. 18A to 18D are schematic diagrams showing a coil
current decreasing sequence 1n a PWM method;

FIG. 19 1s a timing chart for explaining an operation of the
DC/DC converter shown 1n FIG. 16;

FIG. 20 15 a circuit diagram showing another structure of
the DC/DC converter according to the third aspect of the
present 1nvention; and

FIGS. 21A and 21B are schematic diagrams for explain-
ing an operation of the DC/DC converter shown 1n FIG. 20.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Next, with reference to the accompanying drawings, an
embodiment of the present invention will be described. A
DC/DC converter according to the present invention con-
trols a switching device so as to vary a coil current and
control an output voltage. The DC/DC converter has at least
a heavy load mode and a light load mode as operation modes
for supplying a power to a load connected to the DC/DC
converter. When a power 1s supplied to a light load (namely,
the amount of current required by the load is small), the
DC/DC converter operates 1n the light load mode. When a
power 1s supplied to a heavy load (namely, the amount of
current required by the load is large), the DC/DC converter
operates 1n the heavy load mode. The operation mode of the
DC/DC converter 1s automatically switched by an imternal
control.

Next, a first aspect to a third aspect of the present
invention will be described. In the first aspect, a structure
required for the operation 1n the light load mode 1s
described. In the second aspect, a structure required for the
operation of switching the operation mode from the light
load mode to the heavy load mode 1s described. In the third
aspect, a structure required for the operation of switching the

operation mode from the heavy load mode to the light load
mode 1s described.

FIG. 3 1s a block diagram showing a structure of a DC/DC
converter according to the first aspect of the present inven-
tion. The DC/DC converter according to the first aspect of
the present mnvention controls a switch unit 11 so as to vary
a coil current and control an output.

An output monitoring unit 12 monitors an output value
(for example, an output voltage) of the DC/DC converter.
When the output value decreases to a predetermined refer-
ence value or less, the output monitoring unit 12 outputs a
first signal. A current monitoring unit 13 monitors a coil
current. When the coil current increases to a predetermined
first current value, the current monitoring unit 13 outputs a
second signal. When the coil current decreases to a prede-
termined second current value, the current monitoring unit
13 outputs a third signal. In this case, the first current value
1s larger than the second current value. The second current
value 1s designated as, for example, 0. Each of the output
monitoring unit 12 and the current monitoring unit 13 is
composed of, for example, a comparator.
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When a controlling unit 14 receives the first signal, 1t
determines that a power should be supplied to the load and
turns on the switch unit 11 so as to 1ncrease the coil current.
Thus, a cycle for supplying the power to the load starts. The
controlling unit 14 ignores an output signal from the output
monitoring unit 12 after the controlling unit 14 receives the
first signal, until 1t receives the third signal.

When the controlling unit 14 receives the second signal,
it determines that the amount of the coil current becomes
large and turns off the switch unit 11. When the controlling
unit 14 receives the third signal, 1t determines that the cycle
for supplying the power to the load has been finished and
walits for the first signal that 1s a trigger for starting the next
power supply cycle.

The power supply cycle 1s started when the output value
of the DC/DC converter decreases to the predetermined
reference value. The power supply cycle 1s finished after the
coll current increases to the first current value until the
current returns to the second current value. In the period in
which the power supply cycle 1s performed, the first signal,
which 1s a trigger for starting the next power supply cycle,
1s 1gnored. Thus, 1in the middle of a particular power supply
cycle, the next power supply cycle 1s not started. Thus, one
power supply cycle 1s fully and securely performed.

The period of the power supply cycle can be designated
by parameters of the first and second current values, or the
like, designated for the current monitoring unit 13. Thus, the
period of the power supply cycle can be designated so that
the power required by the load 1s supplied with a minimum
number of switching operations. Since the power supply
cycle 1s self-oscillating, it 1s not necessary to provide an
oscillator.

FIG. 4 1s a circuit diagram showing a structure of a
DC/DC converter according to an embodiment of the first
aspect of the present ivention. The DC/DC converter
shown 1n FIG. 4 converts a DC 1nput voltage V. 1nto an
output voltage V_ . The DC/DC converter uses the output
voltage V_ _ and a coil current I, as feedback signals. A
controlling circuit 24 controls a switching device 21. While
the switching device 21 1s 1n the on state, the coil current I,
increases and the output voltage V_ _ increases. While the
switching device 21 1s 1n the off state, the coil current I,
decreases and the output voltage V_ . decreases. By the
above-described control, the DC/DC converter maintains the
output voltage V_ . to a predetermined constant value. In the
following description, the maintained voltage 1s referred to
as the “designated output voltage”.

The switching device 21 1s composed of a p-channel type
power MOS ftransistor. When the signal level of the input
signal of the gate terminal of the switching device 21
becomes “L”, the switching device 21 i1s turned on. The
input voltage V. 1s supplied to the source terminal of the
switching device 21. The cathode of a diode D and a coil L
are connected to the drain terminal of the switching device
21. The anode of the diode D 1s grounded. A coil L 1s
connected to an output terminal through a resistor Rsense.
The output terminal 1s grounded through a condenser C.

A reference voltage Vref 1s supplied to the terminal + of
a comparator 22. A comparison voltage V1 of which the
output voltage V_ . 1s divided by resistors R1 and R2 is
supplied to the terminal - of the comparator 22. The
comparator 22 outputs the compared result to the controlling
circuit 24.

A comparator 23 is a hysteresis comparator (window
comparator) that has two comparison levels. The comparator
23 monitors a voltage drop of the resistor Rsense. The
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current that flows 1n the resistor Rsense 1s the coil current I,
that flows 1n the coil L. Thus, the comparator 23 monitors
the coil current I, . The comparison levels of the comparator
23 are designated as coil currents I, , and I,; (where
I; »>1; ) When the coil current I; increases and exceeds I; p,
the signal level of the output signal of the comparator 23
becomes “H”. When the coil current I, decreases to I, ., the
signal level of the output signal of the comparator 23
becomes “L”. The output signal of the comparator 23 1s
supplied to the controlling circuit 24. In FIG. 4, the two
comparison levels are designated 1n the comparator 23 with
the designated voltage Vs. However, the two comparison
voltages may be generated outside of the comparator 23.

The controlling circuit 24 controls the on/off state of the
switching device 21 corresponding to the signals received
from the comparators 22 and 23. In other words, the con-
trolling circuit 24 performs the following operations (a) to
(d).

Operation (a): When the signal level of the output signal
of the comparator 22 changes from “L” to “H”, the signal
level of the output signal of the controlling circuit 24
becomes “L”. Thus, the controlling circuit 24 turns on the
switching device 21.

Operation (b): After the operation (a), the controlling
circuit 24 enters a mode 1 which 1t does not accept the
output signal of the comparator 22 (in this mode, the
controlling circuit 24 ignores the output signal of the com-
parator 22). In this mode, even if the output signal of the
comparator 22 varies, the variation does not affect the
operation of the controlling circuit 24.

Operation (c): After the operation (a), when the signal
level of the output signal of the comparator 23 changes from
“L” to “H”, the signal level of the output signal of the
controlling circuit 24 becomes “H”. Thus, the controlling
circuit 24 turns off the switching device 21.

Operation (d): After the operation (c), when the signal
level of the output signal of the comparator 23 changes from
“H” to “L”, the controlling circuit 24 returns to a mode 1n
which 1t accepts the output signal of the comparator 22.

Next, the operation of the DC/DC converter shown 1n
FIG. 4 will be described with reference to a timing chart
shown 1n FIG. 5. In this case, assume that the comparison
level I, ; of the comparator 23 1s 0. Thus, when the coil
current I, decreases from I, , to 0, the signal level of the
output signal of the comparator 23 changes from “H” to “L”.

In the period 1n which the output voltage V_ . 1s equal to
or higher than the designated output voltage (before time
T1), the comparison voltage V1 is higher than the reference
voltage Vref. The signal level of the output signal of the
comparator 22 becomes “L”. The signal level of the output
signal of the controlling circuit 24 becomes “H”. Thus, the
switching device 21 1s 1n the off state. At this point, the coil
current I, does not flow.

When the output voltage V_ . decreases and the compari-
son voltage V1 decreases to the reference voltage Vref or
less at time T1, the signal level of the output signal of the
comparator 22 changes from “L” to “H”. When the control-
ling circuit 24 receives the output signal of the comparator
22, the controlling circuit 24 performs the operations (a) and
(b). In other words, the signal level of the output signal of
the controlling circuit 24 becomes “L”. Thus, the controlling
circuit 24 turns on the switching device 21. Thereafter, the
controlling circuit 24 ignores the output signal of the com-
parator 22.

When the switching device 21 1s turned on, the coil
current I, starts flowing. The coil current I, linearly
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increases corresponding to dI, /dt=(V,-V_ ,)/L.. When the
coll current I, reaches the comparison level I,, of the
comparator 23 at time T2, the signal level of the output
signal of the comparator 23 changes from “L” to “H”. When
the controlling circuit 24 receives the output signal of the
comparator 23, the controlling circuit 24 performs the opera-
tion (c). In other words, the signal level of the output signal
of the controlling circuit 24 becomes “H”. Thus, the con-

trolling circuit 24 turns off the switching device 21.

When the switching device 21 1s turned off, the coil
current I, linearly decreases corresponding to dI, /dt=-V__/
L. When the coil current I, reaches the comparison level I, ,
(where I, ,=0) of the comparator 23 at time T3, the signal
level of the output signal of the comparator 23 changes from
“H” to “L”. When the controlling circuit 24 receives the
output signal of the comparator 23, the controlling circuit 24
performs the operation (d). In other words, the controlling
circuit 24 returns to the mode 1n which it accepts the output
signal of the comparator 22.

The operations at time T1 to T3 compose the power
supply cycle. With one power supply cycle, an electric
charge (a power) represented by a triangle XYZ of a graph
of a coil current 1n FIG. 5 1s supplied to the load.

After the power supply cycle 1s finished, the controlling
circuit 24 monitors whether or not it should further supply
a power to the load. In other words, after time T3, the
controlling circuit 24 references the output signal of the
comparator 22 and monitors whether or not the output
voltage V_ _ has returned to the designated output voltage.

In the example shown in FIG. §, at time T3, the output
voltage V_ . has not returned to the designated output
voltage. The comparison voltage V1 1s lower than the
reference voltage Vref. Thus, the signal level of the output
signal of the comparator 22 1s still “H”. Consequently, the
controlling circuit 24 starts the operation (a) again. In other
words, the DC/DC converter immediately performs the next
power supply cycle.

In time T3 to T3, when the same power supply cycle as
that in time T1 to T3 1s performed, the controlling circuit 24
monitors whether or not 1t should further supply the power
to the load after time TS. At time T3, the output voltage V_ .
has returned to the designated output voltage. The compari-
son voltage V1 1s higher than the reference voltage Vrel.
Accordingly, the signal level of the output signal of the
comparator 22 returns to “L”. Thus, the controlling circuit
24 does not again perform the power supply cycle.
Consequently, the coil current I, becomes O after time T3.

Thus, when the output voltage V_ . decreases to the
predetermined output voltage or less, the DC/DC converter
shown 1n FIG. 4 starts the power supply cycle. When the
cycle 1s finished, the controlling circuit 24 determines
whether or not 1t should perform the next cycle. Thus, while
a particular power supply cycle 1s being performed, a
subsequent cycle 1s not performed. Each cycle 1s fully and
securely performed. The period T of the power supply cycle

1s calculated by the following formula.

- 1 Iip . lfLP (1)
Z(Vi — Vour) Z'VDHI
_ L-Lip-Vy,
* Vour(Vin = Vou)

where the comparison level I, 5 1s O.
As represented by the formula (1), the period T of the
power supply cycle depends on the comparison level I, 5 of
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the comparator 23, the characteristics of the coil L, the input
voltage V. . and the output voltage V_ . The output voltage
V_ . Huctuates due to ripples or the like. However, the
fluctuation width of the output voltage V_ . 1s much smaller
than the designated output voltage. Thus, In the formula (1),
the output voltage V_ . can be treated as a constant. Thus, by
properly selecting the above-described parameters (the com-
parison level I, 5, the characteristics of the coil L, and the
input voltage V., ) the period T of the power supply cycle can
be freely designated.

When the period T 1s increased, the amount of power
supplied to the load 1 one power supply cycle increases.
Thus, when the period T 1s increased, the number of power
supply cycles necessary for maintaining the output voltage
V_ _to the designated output voltage decreases. When the
number of power supply cycles decreases, the number of
switching operations of the switching device 21 decreases.
Thus, any loss 1n the switching device 21 decreases and
thereby the converting efficiency improves. However, when
the period T 1s 1ncreased, ripples of the output voltage V_ .
become proportionally large. Consequently, the period T of
the power supply cycle should be designated corresponding
to the required converting efficiency and the acceptable size
of ripples on the output voltage V_ ..

The conventional DC/DC converter has one operation
mode for supplying a power to a load. In other words,
regardless of the amount of the load, the power 1s supplied
to the load 1n the same operation mode. For example, the
DC/DC converter shown 1n FIG. 1 supplies the power to the
load in the PFM (pulse frequency modulation) method
regardless of the amount of the load. When the amount of
load 1s large, the pulse frequency 1s increased. When the
amount of load 1s small, the pulse frequency 1s decreased.
When the amount of the load i1s small, some of pulses
ogenerated by the oscillator 4 are output to the switching
device 3. However, when the oscillation frequency of the
oscillator 4 1s high, as shown 1n FIG. 2C, the pulse width of
cach pulse becomes small. The period in which the switch-
ing device 1s turned on with each pulse becomes very short.
Thus, the power supplied to the load with each pulse 1is
small.

On the other hand, the DC/DC converter according to the
embodiment has two operation modes. When the load 1s
small, the power 1s supplied to the load m the light load
mode. In the light load mode, as described above, the
amount of power supplied to the load in one power supply
cycle can be designated. Moreover, 1n the light load mode,

an operation condition can be designated independently
from the heavy load mode. Thus, each parameter can be
selected so that when the output voltage V. decreases to
the predetermined output voltage or less, the output voltage
V_ . can be restored with a small number of power supply
cycles (for example, one cycle). Thus, the number of times
of the switching operation of the switching device can be
decreased and thereby the switching loss decreases. In other
words, the converting efficiency of the DC/DC converter
IMpProves.

FIGS. 6A and 6B are schematic diagrams for comparing,
the method according to the embodiment and the conven-
tional PFM method 1n the case that a predetermined power
1s supplied to a load. FIG. 6A shows the operation of the

DC/DC converter according to the embodiment. FIG. 6B
shows the operation of the DC/DC converter according to

the PFM method. Referring to FIGS. 6 A and 6B, the DC/DC

converter according to the embodiment can supply the same
power to the load with a smaller number of switching
operations than that according to the PFM method.
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When the load 1s small, the DC/DC converter according
to the embodiment operates in the light load mode. In
addition, since the number of times of the switching opera-
tion of the switching device 21 1s small, the switching loss
decreases. In the light load mode, since pulses are seli-
oscillating for the period T that depends on the above-
described parameters (the comparison level I, ., the charac-
teristics of the coil L, and the input voltage V,,), it is not
necessary to provide an oscillator. Thus, the power con-
sumption can be reduced and the converting efficiency can
be 1mproved.

In the light load mode, the power supply cycle 1s not
stopped 1n the middle thereof. In addition, the next cycle 1s
not started 1n the middle of the preceding cycle. The coil
current I, 1n each cycle imcreases from the comparison level
I, ; (O in the embodiment) to the comparison level I, . and
returns to the comparison level I, 5. Since the slope of the
increase of the coil current I, and the slope of the decrease
thereof are constant, the waveform of the coil current I, 1s
always constant as shown 1n FIG. §. Thus, the ripples of the
output voltage V_ _ become constant. Consequently, the
noise bandwidth becomes narrow. In a PFM method,
described as a conventional control technique, since a cycle
of an increase and a decrease of a coil current 1s not constant,
the ripples are not constant. The method of the embodiment
solves the problem, and the noise can be easily removed.

In the light load mode, the maximum value of the current
(the maximum supply current) supplied to the load becomes
I, »/2. When I, ; 1s designated to a value other than O as the
comparison level of the comparator 23, the maximum sup-
ply current becomes (I; p+1; z)/2. Since the maximum supply
current directly depends on the comparison level I, » (and
[, ;) of the comparator 23, even if an overcurrent takes place
due to a defect of the load, a large current that exceeds I, /2
does not flow 1n the switching device 21 and the coil L.
Thus, the switching device 21 and the coil L can be
prevented from being damaged by such a large current. In
other words, since the DC/DC converter itself has an over-
current protecting function, a drooping type overcurrent
protecting function can be accomplished without the need to
provide a special circuit.

FIG. 7 1s a circuit diagram showing another structure of
the DC/DC converter according to the first aspect of the
present mvention. The DC/DC converter shown 1 FIG. 7
has two comparators 25 and 26 instead of the comparator 23
shown 1n FIG. 4.

Each of the comparators 25 and 26 1s designated com-
parison levels I, » and I, . When the coil current I, increases
to the comparison level I, , or more, the signal level of the
output signal of the comparator 25 becomes “H”. When the
coll current I, decreases to the comparison level I, , or less,
the signal level of the output signal of the comparator 26
becomes “L”.

A controlling circuit 27 controls the on/off state of a
switching device 21 corresponding to signals received from
comparators 22, 25, and 26. In reality, the controlling circuit
27 performs the following operations (¢) to (g).

Operation (e): The above-described operations (a) and (b)
are performed.

Operation (f): After the operation (e) is performed, when
the signal level of the output signal of the comparator 25
changes from “L” to “H”, the signal level of the output
signal of the controlling circuit 27 becomes “H”. Thus, the
controlling circuit 27 turns off the switching device 21.

Operation (g): After the operation (f) is performed, when
the signal level of the output signal of the comparator 26
changes from “H” to “L”, the controlling circuit 27 returns
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to a mode 1n which 1t accepts the output signal of the
comparator 22.

In the structure shown 1n FIG. 7, 1t 1s not necessary to
provide a hysteresis comparator (window comparator).
When a synchronous rectifying type DC/DC converter 1s
accomplished with a switching device 28 composed of an
MOS transistor or the like instead of a diode D, the on/off
state of the switching device 28 1s controlled corresponding
to the output signal of the comparator 26.

As described above, according to the first aspect of the
present invention, in the light load mode, the power required
for the load can be supplied with a small number of
switching operations of the switching device, the switching
loss decreases. Thus, the converting etficiency of the DC/DC
converter improves. In addition, since an oscillator can be
omitted, the power consumption can be further reduced.

In the first aspect of the present invention, since the
waveform of the current i1s constant when a power 1s
supplied to a load, ripples of the output voltage become
constant. Thus, the bandwidth of noise becomes narrow.
Consequently, the noise can be easily removed. In addition,
since the maximum value of the current supplied to the load
1s automatically designated, even if an overcurrent flows in
the load, each element of the DC/DC converter can be
protected.

Next, the second aspect of the present invention will be
described. The second aspect of the present invention has a
structure for which the operation mode of the DC/DC
converter 1s switched from the light load mode to the heavy
load mode.

The current that a load requires varies corresponding to
the operation state of the load. In the case of a portable
terminal, when keys are operated, the current consumption
1s relatively small. However, when a disk 1s accessed, the
current consumption is large. When the current that the load
requires exceeds the current that the DC/DC converter
provides, the output voltage of the DC/DC converter
decreases.

As described 1n the first aspect of the present invention,
when the output voltage V_ _decreases to the predetermined
output voltage or less while the DC/DC converter 1s oper-
ating 1n the light load mode, the power supply cycle shown
in FIG. 5 1s performed. When a particular power supply
cycle 1s finished, when the output voltage V_ . 1s still lower
than the predetermined output voltage, the next cycle is
immediately performed. In other words, 1in the light load
mode, until the output voltage V_ . reaches the predeter-
mined output voltage, the power supply cycles are continu-
ously performed.

Thus, when the power supply cycles are continuously
performed, it 1s determined that “the current required by the
load cannot be satisfactorily supplied in the light load
mode”. Thus, the operation mode of the DC/DC converter 1s
switched from the light load mode to the heavy load mode.

FIG. 8 1s a block diagram showing a structure of a DC/DC
converter according to the second aspect of the present
invention. As with the first aspect of the present invention,
the DC/DC converter according to the second aspect con-
trols a switch unit 11 so as to vary the coil current and
control the output.

An output monitoring unit 31 1s composed of, for
example, a comparator. The output monitoring unit 31
compares an output voltage with a predetermined voltage. A
count unit 32 counts the number of current supply cycles in
the light load mode. A controlling unit 33 switches the
operation mode from the light load mode to the heavy load
mode so as to control the switch unit 11 when the count
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value of the count unit 32 exceeds a predetermined value. A
reset unit 34 references the compared result of the output
monitoring unit 31 and resets the count value of the count
unit 32 when the output voltage 1s higher than the prede-
termined voltage.

While the DC/DC converter 1s operating 1n the light load
mode, when the output voltage decreases to the predeter-
mined value or less, the output monitoring unit detects this
situation and starts a power supply cycle for increasing the
output voltage. Whenever the power supply cycle 1is
performed, the count unit 32 increments the count value.

When the power supply cycle 1s finished, the reset unit 34
references the compared result of the output monitoring unit
31 and starts the next cycle when the output voltage 1s not
restored to the above-described predetermined value. At this
point, the count unit 32 imncrements the count value. When
the count value reaches the predetermined value, the con-
trolling unit 33 switches the operation mode of the DC/DC
converter from the light load mode to the heavy load mode
and controls the switch unit 11.

When the power supply cycle 1s performed, the output
voltage increases. When the output voltage exceeds the
predetermined value, the reset unit 34 resets the count unit
32. In other words, before the count value of the count unit
32 reaches the predetermined value, when the output voltage
1s restored, the controlling unit 33 does not switch the
operation mode of the DC/DC converter. Thus, only when
the power supply cycles are continuously performed, the
controlling unit 33 determines that more power should be
supplied to the load and switches the operation mode from
the light load mode to the heavy load mode. Thus, even if the
output voltage of the DC/DC converter instantaneously
decreases or noise occurs, the operation mode 1s not 1ncor-
rectly switched.

FIG. 9 1s a circuit diagram showing a structure of a
DC/DC converter according to an embodiment of the second
aspect of the present invention. In FIG. 9, similar portions to
those 1 FIGS. 4 and 7 are denoted by similar reference
numerals.

The DC/DC converter shown 1n FIG. 9 converts an input
voltage V. 1nto an output voltage V_ .. The DC/DC con-
verter has two operation modes—the heavy load mode that
operates when the current consumption of a load 1s large,
and the light load mode that operates when the current
consumption of a load 1s small. When the load current
varies, these operation modes are automatically switched by
an 1nternal control. In the following description, the opera-
fion for switching the operation mode of the DC/DC con-
verter from the light load mode to the heavy load mode will
be described.

As described with reference to FIG. 4, a switching device
21 1s composed of a power MOS transistor. The on/off state
of the switching device 21 1s controlled corresponding to the
output signal of a driver 47. Likewise, a comparator 22
compares a comparison voltage V1 with a reference voltage
Vretf and determines whether or not the output voltage V_ .
exceeds a designated output voltage. The comparator 22
outputs the compared result to AND circuits 41 and 42.

As described with reference to FIG. 7, comparators 25
and 26 detect a voltage difference between both terminals of
a resistor Rsense so as to monitor a coil current I,. The
comparison level of the comparator 25 1s designated as I, »
for a coil current. The comparator 25 compares the coil
current I, with the comparison level I, .. When the coil
current I, exceeds the comparison level I, », the signal level
of the output signal of the comparator 25 becomes “H”. The
output signal of the comparator 25 1s sent to a terminal B of
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a selector 44. The comparison level of the comparator 26 1s
designated as I, , for a coil current (where I, ,>I, ;). The
comparator 26 compares the coil current I, with the com-
parison level I, .. When the coil current I, 1s lower than the
comparison level I, », the signal level of the output signal of
the comparator 26 becomes “H”. The comparison level I, 4
is designated as O for a coil current (actually, as will be
described later, the comparison level I, 5 1s slightly higher
than 0). The output signal of the comparator 26 1s sent to the
AND circuits 41 and 42. The comparison levels I, » and I,
are designated with offset voltages Vsl and Vs2.

When the operation mode of the DC/DC converter 1s
switched corresponding to the load current, the load current
may be directly detected. However, 1n this case, it 1S nec-
essary to dispose a resistor on the output side of a condenser
C. Thus, the total efficiency of the DC/DC converter 1s
adversely deteriorated. To prevent this problem, according
to this embodiment, the load current 1s detected with a
resistor Rsense disposed on the input side (primary side) of
the condenser C. The resistor Rsense 1s disposed so as to
protect the circuit from an overcurrent and to maintain the
output voltage constant. Thus, 1t 1s not necessary to newly
provide a resistor for detecting a switching point for the
operation mode.

The AND circuit 41 receives the output signal of the
comparator 26 and an 1nverted signal of the output signal of
the comparator 22, and sends the resultant signal to a
terminal B of a selector 43 and a clock terminal CK of a
counter 48. The signal level of the output signal of the AND
circuit 41 becomes “H” when the coil current I, 1s O and the
output voltage V_ _ 1s lower than the designated output
voltage. The AND circuit 42 receives the output signal of the
comparator 26 and the output signal of the comparator 22,
and sends the resultant signal to a clear terminal CL of the
counter 48. The signal level of the output signal of the AND
circuit 42 becomes “H” when the coil current I, 1s O and the
output voltage V_ . 1s higher than the designated output
voltage.

Each of the selectors 43 and 44 selects a signal that 1s
input to the terminal A when the signal level of the select
signal 1s “H”, and selects a signal that 1s input to the terminal
B when the signal level of the select signal 1s “L”. The
output signal of the selector 43 1s supplied to a terminal S
(set terminal) of a flip-flop 46. The output signal of the
selector 44 1s supplied to a terminal R (reset terminal) of the
flip-flop 46.

A PWM controlling circuit (heavy load controlling
circuit) 45 outputs a pulse signal with a duty cycle which is
controlled such that the output voltage V_ . remains con-
stant. For 1nstance, when a load current becomes high and
the output voltage V__ . decreases, the PWM controlling
circuit 45 increases a duty cycle of the pulse signal to
increase an average coil current I,. Then the output V_ .
returns to a predetermined value, the duty cycle 1s back to
the value of V_ _/V. . An1nverted signal of the output signal
of the PWM controlling circuit 45 1s sent to a terminal A of
the selector 44.

When the flip-flop 46 1s in the set state, 1t outputs an
on-signal. When the flip-flop 46 1s in the reset state, it
outputs an oiff-signal. When the driver 47 receives the
on-signal, 1t causes the switching device 21 to be turned on.
When the driver 47 receives the off-signal, 1t causes the
switching device 21 to be turned off.

The output signal of the AND circuit 41 1s supplied to the
clock terminal CK of the counter 48. The output signal of the
AND circuit 42 1s supplied to the clear terminal CK of the
counter 48. While the signal level of the mput signal of the
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clear terminal CL 1s “L”, whenever a leading edge 1is
detected at the clock terminal CK, the count value of the
counter 48 1s incremented. When the signal level of the input
signal of the clear terminal CK becomes “H”, the counter
value 1s cleared to 0. When the count value becomes “n”
(where n is an integer), the counter 48 sends a pulse to a
mode switching controlling circuit 49. In this embodiment,
a value of n=4 1s designated. When the operation mode of
the DC/DC converter 1s switched from the heavy load mode
to the light load mode, the counter 48 1s reset.

The mode switching controlling circuit 49 causes the
operation mode of the DC/DC converter to be switched. The
mode switching controlling circuit 49 sends a select signal
to the selectors 43 and 44. When the mode switching
controlling circuit 49 receives a pulse (leading edge) from
the counter 48, the mode switching controlling circuit 49
causes the signal level of the select signal to become “H”
and keeps the signal at this level. When the signal level of
the select signal 1s “L”, the DC/DC converter operates in the
light load mode. When the signal level of the select signal 1s
“H”, the DC/DC converter operates 1n the heavy load mode.
When the signal level of the select signal becomes “H”, each
of the selectors 43 and 44 selects the output signal of the
PWM controlling circuit 45. The switching device 21 1is
driven corresponding to the selected signal.

The operation for switching the operation mode of the
DC/DC converter from the heavy load mode to the light load
mode will be described later as the third aspect of the present
invention.

Next, the operation of the DC/DC converter according to
the second aspect of the present invention will be described.
In the light load mode, each of the selectors 43 and 44 selects
a signal that 1s mput to the terminal B and outputs the
selected signal. In this state, when the output voltage V_ . 1s
higher than a predetermined voltage (designated output
voltage) for driving the load, the signal level of the output
signal of the comparator 22 becomes “H”. Thus, since the
switching device 21 is turned off, the DC/DC converter does
not supply a current to the load.

On the other hand, when the output voltage V_ . decreases
to the designated output voltage or less, the switching device
21 1s controlled with the value of the coil current I, as a
feedback signal so as to supply a current to the load. Even
if the current 1s supplied to the load 1n the light load mode,
when the output voltage V_ . cannot be restored, the opera-
tion mode of the DC/DC converter 1s switched from the light
load mode to the heavy load mode. Thus, since a large
current 1s supplied to the load, the output voltage V_ .
INcreases.

Next, the operation of the DC/DC converter according to
the second aspect of the present invention will be described
with reference to a timing chart. FIG. 10 shows a timing,
chart for explaining the operation for switching the opera-
tion mode of the DC/DC converter from the light load mode
to the heavy load mode.

Betore time T1, the output voltage V_ _1s higher than the
designated output voltage. The comparison voltage V1 1is
higher than the reference voltage Vref. Thus, the signal level
of the output signal of the comparator 22 1s “H”. In this state,
it 1s not necessary for the DC/DC converter to supply a
current to the load. Thus, the coil current I, 1s 0. Next, the
operations of the comparators 25 and 26 that detect the coil
current I, will be described with reference to FIG. 11.

Since the negative offset voltage V_, 1s supplied to the
terminal + of the comparator 25, the voltage at the terminal
+ 1s negative. Thus, when the coil current I, 1s 0, the signal
level of the output signal of the comparator 25 1s “L”. When
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the coil current I, increases to the comparison level I, 5, the
voltage difference between both the terminals of the resistor
Rsense exceeds the offset voltage V_,, the signal level of the
output signal of the comparator 25 changes from “L” to “H”.
Since the signal level 1s changed, the switching device 21 1s
turned off. Thus, the coil current I, decreases. When the coil
current I, decreases to the comparison level I, » or less, the
signal level of the output signal of the comparator 25
changes from “H” to “L”.

Since the positive offset voltage V _, 1s supplied to the
terminal + of the comparator 26, the signal level of the
terminal + 1s positive. Thus, when the coil current I, 1s 0, the
signal level of the output signal of the comparator 26
becomes “H”. When the coil current I, increases to the
comparison level I, 5, the voltage difference between both
the terminals of the resistor Rsense exceeds the oilset
voltage V_,. Thus, the signal level of the output signal of the
comparator 26 changes from “H” to “L”. In addition, since
the switching device 21 1s turned off, the coil current I,
decreases. When the coil current I, decreases to the com-
parison level I, ; or less, the signal level of the output signal
of the comparator 26 changes from “L” to “H”. In this
embodiment, the comparison level I, , 1s designated to a
value that 1s slightly larger than 0. Thus, 1t can be considered
that only when the coil current I, 1s 0, the signal level of the
output signal of the comparator 26 becomes “H”.

As described above, when the coil current I, 1s O, the
signal level of the output signal of the comparator 26 1s “H”.
Thus, before time T1, the signal level of the output signal of
the AND circuit 42 becomes “H”. Since the counter 48 1s 1n
the reset state, the count value 1s “0”.

While the DC/DC converter 1s operating in the light load
mode, at time T1, when the output voltage V_ . decreases to
the predetermined output voltage or less, the signal level of
the output signal of the comparator 22 becomes “L”. Thus,
the signal level of the output signal of the AND circuit 42
becomes “L”. Consequently, the counter 48 1s restored from
the reset state. In other words, when the output voltage V_ .
decreases to the designated output voltage or less, the
counter 48 enters a mode 1n which the counter can count
pulses.

When the signal level of the output signal of the com-
parator 22 becomes “L”, the signal level of the output signal
of the AND circuit 41 temporarily becomes “H”. A leading
edge of the output signal of the AND circuit 41 causes the
count value of the counter 48 to increment from “0” to “1”.
In the light load mode, each of the selectors 43 and 44 selects
a signal that 1s mnput to the terminal B. Thus, when the signal
level of the output signal of the AND circuit 41 becomes
“H”, the state of the flip-flop 46 becomes “set”.
Consequently, the switching device 21 1s turned on. When
the switching device 21 1s turned on and the coil current I,
increases (ramps up), since the signal level of the output
signal of the comparator 26 becomes “L”, the signal level of
the output signal of the AND circuit 41 returns to “L”.

At time T2, when the coil current I, increases to the
comparison level I, , as described with reference to FIG. 11,
the signal level of the output signal of the comparator 25
temporarily becomes “H”. When the signal level of the
output signal of the comparator 25 becomes “H”, the state of
the tlip-tlop 46 becomes “reset”. Thus, the switching device
21 1s turned off. When the switching device 21 is turned off
and the coil current I; decreases (ramps down), the signal
level of the output signal of the comparator 25 becomes “L”.
At time T3, when the coil current I, becomes 0 (the coil
current I, decreases to the comparison level I, ; or less), the
signal level of the output signal of the comparator 26
becomes “H”.
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At time T1, the coil current I, starts increasing from 0. At
time T2, the coil current I, reaches the comparison level I, ...
At time T3, the coil current returns to 0. The coil current I,
that flows 1 time T1 to T3 1s supplied to the load. The
operation of the DC/DC converter 1 time 11 to T3 1s the
same as the operation of the power supply cycle described
in the first aspect of the present mnvention.

At time T3, when one power supply cycle 1s finished, 1t 1s
determined whether or not the output voltage V_ 1s restored
to the designated output voltage corresponding to the output
signal of the comparator 22. In the example shown 1n FIG.
10, since the output voltage V_ . 1s not restored to the
designated output voltage, the next power supply cycle for
supplying a current to the load 1s started.

At time T3, since the output voltage V_ _1s lower than the
designated output voltage, the signal level of the output
signal of the comparator 22 1s still “L”. At time T3, when the
coil current I, returns to 0, the signal level of the output
signal of the comparator 26 becomes “H”. The signal level
of the output signal of the AND circuit 41 becomes “H”. A
leading edge of the output signal of the AND circuit 41
causes the count value of the counter 48 to increment from
“17 to “2”.

When the second power supply cycle is started, the count
value of the counter 48 becomes “2”. The count value of the
counter 48 represents the number of the power supply
cycles.

The operation in time T3 to T4 1s the same as the
operation of the power supply cycle 1n time T1 to T3. When
the cycle is finished (at time T4), it is determined whether or
not the next cycle should be performed corresponding to the
output signal of the comparator 22. In the example shown 1n
FIG. 10, the output voltage V_ _ 1s not restored to the
predetermined output voltage. The signal level of the output
signal of the comparator 22 1s “L”. Thus, 1in time T4 to TS§,
the next cycle 1s performed. When the cycle 1s performed 1n
time T4 to TS, the count value of the counter 48 increments
from “2” to “3”.

When the output voltage V_ . decreases in the light load
mode, while the output voltage V_ _1s equal to or lower than
the predetermined output voltage, the power supply cycles
are continuously performed. Whenever the cycle 1s
performed, the count value of the counter 48 1s incremented.

In time T1 to TS5, three power supply cycles are per-
formed. However, 1n the example shown 1n FIG. 10, at time
T35, the output voltage V_ . 1s not restored to the predeter-
mined output voltage. Thus, the next power supply cycle 1s
attempted to be performed. At this point, the count value of
the counter 48 becomes “4”. When the count value of the
counter 48 becomes “4”, the signal level of the output signal
of the counter 48 changes from “L” to “H”.

When the mode switching controlling circuit 49 detects a
leading edge of the output signal of the counter 48, the mode
switching controlling circuit 49 causes the signal level of the
select signal to be changed from “L” to “H”. When the signal
level of the select signal becomes “H”, each of the selectors
43 and 44 sclects a signal that 1s mput to the terminal A
(namely, the signal generated by the PWM controlling
circuit (heavy load controlling circuit) 45). Thus, the switch-
ing device 21 1s turned on/off corresponding to a signal
generated by the PWM controlling circuit 45. Consequently,
the operation mode of the DC/DC converter 1s switched to
the heavy load mode.

As described above, 1n the light load mode, when the
output voltage V_ . decreases due to an increase of the load
current and a predetermined number of the power supply
cycles are successively counted (for example, four cycles)
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for restoring the desired voltage, the operation mode of the
DC/DC converter 1s automatically switched from the light
load mode to the heavy load mode.

FIG. 12 1s a timing chart for explaining the operation 1n
which the count value 1s reset 1n the light load mode.

In the example shown 1 FIG. 12, at time T6, the second
power supply cycle 1s started. Thus, the count value of the
counter 48 increments from “1” to “2”. In the second cycle,
at time T7, when the output voltage V_ . exceeds the
designated output voltage, the signal level of the output
signal of the comparator 22 becomes “H”.

After the second power supply cycle 1s finished, at time
T8, 1t 1s determined whether or not a current should be
further supplied to the load corresponding to the output
signal of the comparator 22. In the example shown 1n FIG.
12, at time T8, the output voltage V_ . 1s higher than the
designated output voltage. The signal level of the output
signal of the comparator 22 1s “H”. Thus, the signal level of
the output signal of the AND circuit 41 1s “L”. The state of
the flip-tlop 1s still “reset”. Consequently, the switching
device 21 1s not turned on. The next power supply cycle 1s
not started.

At time T8, since the coil current I, 1s O, the signal level
of the output signal of the comparator 26 becomes “H”. The
signal level of the output signal of the AND circuit 42
becomes “H”. When the signal level of the AND circuit 42
becomes “H”, the counter 48 1s reset. Thus, the count value
returns to “0”. Thereafter, the DC/DC converter 1s operated
in the light load mode.

Thus, 1n the light load mode, when the output voltage V_ .
decreases, the power supply cycle 1s performed. The counter
48 counts the number of the cycles. However, 1in a prede-
termined time period (equivalent to four power supply
cycles in the embodiment), when the output voltage V_,,, is
restored to the predetermined output voltage, the counter 48
1s reset and the count value returns to “0”. Thus, even 1f the
output voltage V_ _1nstantancously decreases and the power
supply cycle starts, the counter 48 1s reset 1in a short time.
Consequently, when the output voltage V_ _ 1s restored in a
short time, the operation mode of the DC/DC converter 1s
not switched from the light load mode to the heavy load
mode. In other words, the operation mode of the DC/DC
converter according to the embodiment 1s not incorrectly
switched due to noise or another factor.

While the DC/DC converter 1s being operated in the
heavy load mode, the counter 48 1s 1n the reset state. The
counter value 1s still “0”.

FIG. 13 1s a schematic diagram showing the relation
between the power supply cycle and the average value of the
coll current I, 1n the light load mode. In the light load mode,
the peak value of the coil current I, is I, » (the comparison
level of the comparator 25). The base value is 0 (the
comparison level I, z of the comparator 26).

In the DC/DC converter according to the embodiment,
when four power supply cycles are successively counted, the
operation mode 1s switched from the light load mode to the
heavy load mode. The time period for which the four power
supply cycles are successively performed 1s referred to as
the “monitor time period”. The average value of the coil
current I, 1n the monitor time period will now be explained.
When one power supply cycle 1s performed 1n a predeter-
mined monitor time period, the average value of the coil
current I, 1 the period becomes I, /8. When four power
supply cycles are performed 1n the predetermined monitor
time period, the average value of the coil current I; 1n the
period 1s I; o/2. As described above, the operation mode 1s
switched from the light load mode to the heavy load mode
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when four power supply cycles are successively performed.
Thus, the operation mode 1s switched when the average
value of the coil current becomes I, /2.

The current value I, /2 1s the maximum current that 1s
supplied to the load 1n the light load mode. The average
value of the coil current I, can be treated as a load current.
Thus, when the load current reaches the maximum supply
current 1n the light load mode, the operation mode of the
DC/DC converter according to the embodiment 1s switched
to the heavy load mode.

The coil current I, depends on the characteristics of the
coll L, the input voltage V. , the output voltage V_ . the
comparison level I, » of the comparator 25. Thus, when I, »
1s designated, the switching point at which the operation
mode 1s switched from the light load mode to the heavy load
mode can be designated.

In the above-described embodiment, when the count
value of the counter 48 becomes “4”, the operation mode 1s
switched. When the count value 1s increased, since the
period for which the average value of the coil current I, 1s
obtained becomes long, the accuracy 1s improved.

As described above, 1n the DC/DC converter according to
the embodiment, since the circuit that obtains the load
current 1s composed of a comparator, a gate circuit, a counter
circuit, and so forth that do not consume much power, the
total current consumption of the DC/DC converter
decreases. Thus, the converting efficiency 1s improved. In
particular, the second aspect of the present invention deals
with the operation 1n the light load mode 1 which the load
current 1s small. Thus, even 1f the current consumption is
only slightly reduced, the converting efficiency i1s remark-
ably 1mproved.

As described above, 1in the second aspect of the present
invention, the operation mode 1s switched with a trigger for
which a predetermined condition successively takes place n
fimes. Thus, the operation mode can be prevented from
being incorrectly switched due to noise or the like. In
addition, the condition for switching the operation mode can
be easily designated to a desired value.

The circuit that calculates the load current 1n the light load
mode and the circuit that determines the mode switching
point are composed of a comparator and a gate circuit that
do not consume much current, accordingly the total current
consumption of the DC/DC converter decreases. In addition,
since the sizes of such circuits are small, they do not require
a large space on a chip.

Next, the third aspect of the present invention will be
described. The third aspect 1s a structure mm which the
operation mode of the DC/DC converter 1s switched from
the heavy load mode to the light load mode.

As described above, the current required by a load varies
corresponding to the operation state of the load. In the case
of a portable terminal, when keys are operated, the current
consumption 1s relatively small. However, when a disk 1s
accessed, the current consumption 1s large. Thus, while the
DC/DC converter 1s operating 1n the light load mode, it the
disk 1s accessed and thereby the load current increases, as
described 1n the second aspect, the operation mode of the
DC/DC converter 1s switched from the light load mode to the
heavy load mode. However, after the disk accessing opera-
tion 1s finished, the load current decreases. When the load
current 1s small, the power converting efficiency in the light
load mode 1s higher than that in the heavy load mode. Thus,
when the load current decreases, 1t 1s preferable to return the
operation mode of the DC/DC converter to the light load
mode.

While the DC/DC converter according to the third aspect
of the present invention 1s operating in the heavy load mode,
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when the load current decreases to a level for the light load
mode, the operation mode 1s switched from the heavy load
mode to the light load mode. In other words, the DC/DC
converter corresponding to the third aspect of the present
invention monitors the coil current that varies corresponding
to the control 1n the heavy load mode. When the average
value of the coil current decreases to the maximum current
or less for the light load mode, the operation mode 1is
switched from the heavy load mode to the light load mode.

FIG. 14 1s a block diagram showing a structure of a
DC/DC converter according to the third aspect of the present
invention. As with the first aspect and the second aspect, the
DC/DC converter according to the third aspect controls a
switch unit 11 so as to vary the coil current and control the
output.

A current monitoring unit 51 1s, for example, a compara-
tor. The current monitoring unit 51 compares a coil current
in the heavy load mode with a predetermined current value.
When the coil current decreases to the predetermined current
value, the current monitoring unit 51 outputs a detection
signal. A count unit 52 counts the number of times the
detection signal 1s received from the current monitoring unit
51. A controlling unit 53 switches the operation mode of the
DC/DC converter from the heavy load mode to the light load
mode when the count value of the count unit 52 reaches a
predetermined value. A reset unit 54 resets the count unit 52
when the coil current which varies corresponding to a
control 1n the heavy load mode becomes higher than the
predetermined value.

While the DC/DC converter 1s operating in the heavy load
mode, the coil current has a ramp-shaped waveform (the
current value linearly increases to a peak and then linearly
decreases to bottom). Thus, the coil current varies in a
predetermined period. When the coil current decreases as the
load current decreases, the lowest (bottom) value of the coil
current reaches a predetermined current value (for example,
0). Thus, the coil current repeatedly intersects with the
predetermined current value.

The current monitoring unit 51 outputs the detection
signal whenever the coil current intersects with the prede-
termined current value. The count unit 52 counts the number
of times the detection signal 1s output. When the count value
becomes the predetermined value, the operation mode 1s
switched from the heavy load mode to the light load mode.
In other words, when the state 1n which the coil current 1s
very small continues for a predetermined time period, the
operation mode 1s switched from the heavy load mode to the
light load mode.

Even 1f the coil current decreases to the state in which the
coll current 1s very small in the heavy load mode, when the
state does not continue for the predetermined time period,
the reset unit 54 resets the count unit 52. Thus, the operation
mode 1s not switched. Consequently, in the heavy load
mode, even i1f the coil current value instantaneously
decreases, the operation mode 1s not switched to the light
load mode.

FIG. 15 1s a circuit diagram showing a structure of a
DC/DC converter according to an embodiment of the third
aspect of the present invention. In FIG. 15, similar portions
to those 1n FIG. 9 are denoted by similar reference numerals.

The DC/DC converter shown 1n FIG. 15 converts an 1nput
voltage V. 1nto an output voltage V_ .. The DC/DC con-
verter has two operation modes—the heavy load mode that
operates when the current consumption of the connected
load 1s large, and the light load mode that operates when the
current consumption of the connected load 1s small. These
operation modes are automatically switched corresponding
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to the variation of the load current by an internal control.
Next, the operation for switching the operation mode of the
DC/DC converter from the heavy load mode to the light load
mode due to a decrease 1n the load current will be described.

The structures of a switching device 21, a comparator 22,
selectors 43 and 44, a flip-flop 46, and a driver 47 shown 1n
FIG. 15, are the same as those described 1n the first aspect
and the second aspect. For simplicity, the description of
these portions 1s omitted.

A comparator 51 has the same function as the comparator
23 shown in FIG. 4 (or the comparators 25 and 26 shown in
FIG. 9). In other words, the comparator 51 monitors a coil
current I, 1n the light load mode. When the coil current I,
reaches a comparison level I, , and the coil current I,
becomes 0, the comparator 51 sends a signal representing
this state to a light load mode controlling circuit 52.

The light load mode controlling circuit 52 performs the
same operations as those described 1n the first aspect and the
second aspect. An output signal of the light load mode
controlling circuit 52 1s sent to a terminal B of the selector
43. In addition, an inverted signal of the output signal of the
light load mode controlling circuit 52 1s sent to a terminal B
of the selector 44. The output signal of the light load mode
controlling circuit 52 1s selected by the selectors 43 and 44
when the operation mode of the DC/DC converter 1s the light
load mode.

A PWM controlling circuit 45 has an oscillator and
outputs a signal with duty cycle which 1s controlled such that
the output voltage V_ . remains constant. An output signal of
the PWM controlling circuit 45 1s sent to a terminal A of the
selector 43. In addition, an i1nverted signal of the output
signal of the PWM controlling circuit 45 1s sent to a terminal
A of the selector 44. The output signal of the PWM con-
trolling circuit 43 1s selected by the selectors 43 and 44 1n the
heavy load mode.

A mode switching controlling circuit 60 causes the opera-
tion mode of the DC/DC converter to be switched and sends
a select signal to the selectors 43 and 44. In other words, the
mode switching controlling circuit 60 monitors the coil
current I, and determines whether or not to switch the
operation mode of the DC/DC converter from the heavy load
mode to the light load mode. When the operation mode 1s
switched from the heavy load mode to the light load mode,
the signal level of the select signal 1s changed from “H” to
“L”. When the signal level of the selector signal becomes
“L”, each of the selectors 43 and 44 selects a signal that 1s
input to the terminal B. In other words, when the signal level
of the select signal changes from “H” to “L”, each of the
selectors 43 and 44 selects the output signal of the light load
mode controlling circuit 52. The switching device 21 1is
driven corresponding to the selected signal. Thus, the
DC/DC converter operates in the light load mode. When the
operation mode of the DC/DC converter 1s switched from
the heavy load mode to the light load mode, the mode
switching controlling circuit 60 can stop the operation of the
oscillator in the PWM controlling circuit 45.

FIG. 16 1s a circuit diagram showing the mode switching,
controlling circuit 60 and peripheral circuits thereof.

A comparator 61 detects a voltage difference between
both terminals of a resistor Rsense so as to monitor the coil
current I, . When the coil current I, flows from the mnput side
to the output side, the signal level of the output signal of the
comparator 61 becomes “H”. When the coil current I, 1s O
or flows from the output side to the input side, the signal
level of the output signal of the comparator 61 becomes “L”.

When the operation mode of the DC/DC converter 1s
switched corresponding to the load current, the load current
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may be directly detected. However, 1n this case, a resistor
should be disposed on the output side of a condenser C.
Thus, the overall efficiency of the DC/DC converter dete-
riorates. To prevent this problem, 1n the embodiment, with
the resistor Rsense disposed on the input side (the primary
side) of the condenser C, the load current (the average value
of the coil current I,) is estimated. The resistor Rsense is
disposed so as to protect the circuit from an overcurrent and
to maintain the output voltage constant. Thus, 1t 1s not
necessary to newly provide a resistor for detecting the load
current.

A counter 62 receives the output signal of the comparator
61 and increments when 1t detects a trailing edge. When the
count value becomes “n” (where n is an integer), the counter
62 outputs a pulse. The counter 62 1s reset when the
operation mode of the DC/DC converter 1s switched from
the light load mode to the heavy load mode.

When a latch circuit 63 receives a pulse from the counter
62, the latch circuit 63 latches the signal level “L” until the
counter 62 1s reset. The reset signal causes the operation
mode of the DC/DC converter to be switched from the light
load mode to the heavy load mode. The reset signal is
ogenerated by, for example, the mode switching controlling
circuit 49 described 1n the second aspect of the present
invention. When the latch circuit 63 receives the reset signal,
it latches the signal level “H”. When the reset signal conflicts
with the pulse signal received from the counter 62, the latch
circuit 63 operates corresponding to the reset signal. An
output signal of the latch circuit 63 1s sent as a select signal
to the selectors 43 and 44.

2-bit counter 64 receives an output signal of the PWM
controlling circuit 45 and counts up every time a trailing
edge 1s detected. When the count value of the 2-bit counter
64 becomes “2”, the output signal level of 1t becomes “H”.
The counter 62 1s reset when the signal level of output signal
of the 2-bit counter 64 becomes “H”. The 2-bit counter 64
1s reset, when the signal level of output signal of the
comparator 26 shown 1 FIG. 9 becomes “H”.

Next, with reference to a timing chart, the operation of the
DC/DC converter according to the third aspect of the present
invention will be described. FIG. 17 1s a timing chart for
explaining the operation for switching the operation mode of
the DC/DC converter from the heavy load mode to the light
load mode.

Before time T1, the load current i1s large. Thus, the
DC/DC converter operates 1n the heavy load mode. Now,
assume that the count value of the counter 62 1s 0.

In the heavy load mode, the coil current I, has a ramp-
shaped waveform. In other words, the coil current I, linearly
increases while the switching device 21 1s 1n the on state.
The coil current I, linearly decreases while the switching
device 1 1s 1n the off state. The period of the coil current I,
depends on the operating frequency of the PWM controlling
circuit 45.

While the load current 1s large, the coil current always
varies with a value larger than 0. Consequently, the signal
level of the output signal of the comparator 61 1s still “H”.
The count value of the counter 62 1s still “0”.

In this state, when the load current decreases, the output
voltage V_ . varies. The PWM controlling circuit 45 varies
the duty of the output pulse so that the output voltage V_ .
1s kept constant. When the output voltage V_  1increases, the
PWM controlling circuit 45 temporarily decreases the duty
cycle of the output pulse so as to decrease an average of coil
current I,. When the output voltage V_ . returns to a
predetermined value, the duty cycle is back to the value of

Vc‘)ut/v.{n‘
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FIGS. 18A to 18D are schematic diagrams showing a coil
current decreasing sequence 1n a PWM method. When the
load current decreases, the PWM controlling circuit 45
controls the duty cycle of the output pulse signal so that the
output voltage V_ . remains constant, then the average of the
coll current I, decreases, as shown in FIGS. 18A to 18C.
When the load current decreases to a predetermined current
value, a bottom value (lowest value) of the coil current I,
becomes 0. The load current (an average of coil current I,)
at the timing shown 1n FIG. 18C 1s the same as the maximum
supply current 1n the light load mode explained 1n the second
aspect of the present invention.

When the load current further decreases, the average of
the coil current I, should be smaller. In this case, as shown
in FIG. 18D, there are time periods 1n which the coil current
[, 1s 0. The load current at this case 1s smaller than the
average of the coil current I, shown 1n FIG. 18C, the DC/DC
converter can supply the load current 1n the light load mode
explained 1n the second aspect of the present invention.
When the load current (the average value of the coil current
[,) decreases to a level at which the load current can be
supplied 1n the light load mode, 1t 1s preferable to switch the
operation mode of the DC/DC converter to the light load
mode so as to reduce the losses and improve the converting
cfficiency.

When the load current 1s larger than that shown 1n FIG.
18C, the DC/DC converter according to the embodiment 1s
operated 1n the heavy load mode. When the load current 1s
smaller than that shown 1n FIG. 18C, the DC/DC converter
1s operated 1n the light load mode.

Returning to FIG. 17, when the coil current I, gradually
decreases and the bottom (lowest) value becomes O at time
11, the signal level of the output signal of the comparator 61
becomes “L”. When the counter 62 detects the trailing edge
of the output signal of comparator 61 at that time, the count
value of the counter 62 1s counted up from O to 1.

After time T1, everytime the bottom (lowest) value of the
coil current I, becomes 0, comparator 61 outputs “L”, and
the count value of the counter 62 1s counted up by the trailing
cdge of the output signal from the comparator 61.

2-bit counter 64, after time T1, repeats a count-up opera-
tion caused by the detection of a trailing edge of the output
signal from the PWM controlling circuit 45 and a reset
operation caused by receiving “H” from the comparator 26
in turn. Then, the count value of the 2-bit counter 64 1s O or
1. Consequently, since the signal level of the output signal
of the 2-bit counter 64 remains “L”, the counter 62 1s not
reset, and the counter value of the counter 62 1s counted up
sequentially by the trailing edge of the output signal from the
comparator 61.

At time T2, when the count value of the counter 62
becomes “4”, the counter 62 outputs a pulse to the latch
circuit 63. When the latch circuit 63 receives the pulse, the
signal level of the output signal of the latch circuit 63
changes from “H” to “L”. Thereafter, the signal level of the
output signal of the latch circuit 63 1s kept “L” until the
counter 62 1s reset. The output signal of the latch circuit. 63
1s sent as a select signal to the selectors 43 and 44.

When the signal level of the select signal received from
the mode switching controlling circuit 60 becomes “L”, each
of the selectors 43 and 44 seclects a signal that 1s input to the
terminal B (namely, the signal generated by the light load
mode controlling circuit 52) and outputs the selected signal.
Thus, the switching device 21 1s turned on/off corresponding
to the signal generated by the light load mode controlling
circuit 52. Consequently, the operation mode of the DC/DC
converter 1s switched to the light load mode.
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As described above, 1 the heavy load mode, when the
load current decreases, the coil current I, decreases. When
the counter 62 receives a predetermined number of trailing
edges ( for example, four) of the output signal from the
comparator 61, the operation mode of the DC/DC converter
1s automatically switched from the heavy load mode to the
light load mode.

FIG. 19 1s a timing chart for explaining the operation 1n
the case that the counter 62 1s reset in the heavy load mode.

As with the operation after time T1 described with ref-
erence to FIG. 17, the comparator 61 outputs a pulse. The
counter 62 increments the count value as “07, “1”, and “2”.
After time T3, the load current increases. In this case, the
DC/DC converter increases the duty cycle of the output
pulse of the PWM controlling circuit 45 so as to keep the
output voltage V_ . at a constant value, thereby increasing
the coil current I,. The coil current I, 1s always larger than
0. In other words, the bottom. (lowest) value of the coil
current I, does not decrease to 0. Thus, after time T3, the
comparator 61 does not output a pulse. Consequently, the
count value of the counter 62 1s still “2”.

After ttime T3, the 2-bit counter 64 1s not reset since a
signal level of the output signal of the comparator 26 does
not become “H”. However, the 2-bit counter 64 receives the
trailing edges of the output signal of PWM controlling
circuit 45, and counts up the count value thercof. When the
count value of the 2-bit counter 64 becomes “2” at time T4,
the 2-bit counter 64 outputs “H”. Then, the counter 62 is
reset, when the signal level of the output signal of the 2-bit
counter 64 becomes “H”.

In the heavy load mode, even if the lowest (bottom) value
of the coil current I, becomes 0 and thereby the counter 62
starts counting the trailing edges of the output signal from
the comparator 61, when the coil current I, increases 1n a
predetermined time period, the counter 62 1s reset. Thus,
when the coil current I, does not satisfactorily decrease,
even 1f the count value 1s incorrectly incremented due to
noise 1n the coil current I, , the count value of the counter 62
returns to 0. In other words, according to the embodiment,
the operation mode can be prevented from being incorrectly
switched due to noise or other factors.

FIG. 20 1s a circuit diagram showing another structure of
the mode switching controlling circuit. The difference
between these structures 1s 1n that an offset voltage V__ 1s
supplied to a terminal + of a comparator 61 shown 1n FIG.
20.

FIGS. 21A and 21B are schematic diagrams showing
input/output signals of the comparator 61 in the structure
shown 1n FIG. 20. As shown 1 FIG. 21A, when the coil
current I, becomes 0, the voltage of the mput signal at the
terminal + of the comparator 61 1s lower than that at the
terminal — by the offset voltage V__. In other words, when
the mnput voltage of the comparator 61 1s O, the value of the
coil current I; becomes I, (>0). Thus, when the coil current
[, decreasesto I or less, the signal level of the output signal
of the comparator 61 becomes “L”.

In such a structure, when the bottom (lowest) value of the
coll current I, becomes 0, since the pulse width of the pulse
that 1s output from the comparator 61 becomes wide, the
counter 62 accurately detects the pulse.

In the above-described structure, as shown 1n FIG. 21B,
when the bottom value of the coil current I, decreases to I
or less, the signal level of the output signal of the comparator
61 becomes “L”. The counter 62 counts the pulses generated
at this time. The operation mode of the DC/DC converter 1s
switched corresponding to the count value. Thus, the switch-
ing point of the operation mode can be designated corre-
sponding to the offset voltage V__ (the current value I ).
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As described above, 1n the third aspect of the present
mvention, when the state 1n which the coil current decreases
continues for a predetermined time period, the operation
mode of the DC/DC converter 1s switched. Thus, the opera-
fion mode 1s prevented from being incorrectly switched due
to noise or the like. In addition, the condition for switching
the operation mode can be easily designated to any value.
Moreover, since the means for determining whether or not
the operation mode should be switched 1s composed of a
circuit of a low current consumption type, the total efficiency
of the DC/DC converter does not deteriorate.

In the second and third aspects of the present invention,
the PWM controlling method was described as the heavy
load mode. However, the present invention 1s not limited to
such a method. Instead, a PFM controlling method can be
used.

In the first to third aspects of the present invention, a
voltage-drop type DC/DC converter was described.
However, the present invention 1s not limited to such a type.
Instead, the present invention can be applied for a voltage-
rise type DC/DC converter and an inversion type DC/DC
converter.

Although the present invention has been shown and
described with respect to best mode embodiments thereof, it
should be understood by those skilled 1n the art that the
foregoing and various other changes, omissions, and addi-
tions 1n the form and detail thereof may be made therein
without departing from the spirit and scope of the present
invention.

What 1s claimed 1s:

1. A method for controlling an active operating mode of
a DC/DC converter, comprising;:

defining a first operating mode and a second operating
mode of the DC/DC converter, wherein the first oper-
ating mode 1s characterized by a first switching loss and
the second operating mode 1s characterized by a second
switching loss, wherein the first switching loss 1s less
than the second switching loss;

monitoring a coil current, wherein the coil current flows
through a predefined coil of the DC/DC converter; and

switching the active operating mode of the DC/DC con-
verter between the first operating mode and the second
operating mode 1n response to the coil current reaching
a first predetermined threshold,

wherein the coil current 1s monitored by using a current

sense resistor and a hysteresis comparator.

2. The method as recited 1n claim 1, wherein the active
operating mode 1s switched from the first operating mode to
the second operating mode 1n response to the coil current
crossing of the first predetermined threshold 1n combination
with a lapse of a prescribed delay after the coil current
crossing of the first predetermined threshold.

3. The method as recited in claim 2, wherein the lapse of
the prescribed delay 1s determined with a counter.

4. The method as recited 1n claim 3, wherein the lapse of
the prescribed delay 1s determined by counting that the coil
current has reached the first predetermined threshold a
prescribed number of times.

5. The method as recited 1n claim 1, further comprising
monitoring an output voltage of the DC/DC converter, and
preventing the DC/DC converter from being operated 1n the
second operating mode while the output voltage 1s above a
predetermined voltage threshold value.

6. The method as recited in claim 1, wherein the coil
current, 1n at least the first operating mode, 1s characterized
by an uninterrupted cycle in which the coil current increases
monotonically from the first predetermined threshold to a
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maximum value, and then decreases monotonically until a
next cycle 1s begun.

7. The method as recited 1n claim 6, wherein the cycle of
the coil current has a substantially triangular shape.

8. The method as recited 1n claim 6, wherein the cycle of
the coil current has a period T, wherein the first switching
loss 1s mversely proportional to the period T.

9. The method as recited in claim 8, wherein the period T
has a prescribed value.

10. The method as recited 1n claim 1, wherein the active
operating mode 1s switched from the second operating mode
to the first operating mode in response to the coil current
crossing of the first predetermined threshold in combination
with a lapse of a prescribed delay after the coil current
crossing of the first predetermined threshold.

11. The method as recited in claim 10, wherein the lapse
of the prescribed delay 1s determined with a counter.

12. The method as recited 1n claim 11, wherein the lapse
of the prescribed delay 1s determined by counting that the
coll current has reached the first predetermined threshold a
first prescribed number of times.

13. The method as recited 1n claim 12, wherein the
counting of the first prescribed number of times 1s reset if the
coll current remains above a second predetermined threshold
a second prescribed number of times.

14. The method as recited 1in claim 13, wherein the first
predetermined threshold and the second predetermined
threshold are different.

15. The method as recited 1n claim 13, wherein the first
prescribed number of times and the second prescribed
number of times are different.

16. A method for controlling an active operating mode of
a DC/DC converter, wherein the active operating mode 1s
switchable between a first predefined operating mode and a
second predefined operating mode, wherein the first pre-
defined operating mode 1s characterized by a first switching
loss and the second predefined operating mode 1s charac-

terized by a second switching loss, wherein the first switch-
ing loss 1s less than the second switching loss, comprising:

monitoring a coil current and an output voltage; and

switching the active operating mode of the DC/DC con-
verter from the first operating mode to the second
operating mode 1n response to the coil current crossing
of a first predetermined threshold, a lapse of a pre-
scribed delay after the coil current crossing of the first
predetermined threshold, and the output voltage being
below a predetermined voltage threshold value;

wherein the coil current flows through a predefined coil of
the DC/DC converter;

wheremn the coil current, 1in at least the first operating
mode, 15 characterized by an uninterrupted cycle 1n
which the coil current increases monotonically from the
first predetermined threshold to a maximum value, and
then decreases monotonically until a next cycle 1is
begun; and
wherein the coil current 1s monitored by using a current
sense resistor and a hysteresis comparator.
17. A method for controlling an active operating mode of
a DC/DC converter, wherein the active operating mode 1s
switchable between a first predefined operating mode and a
second predefined operating mode, wherein the first pre-
defined operating mode 1s characterized by a first switching
loss and the second predefined operating mode 1s charac-
terized by a second switching loss, wherein the first switch-
ing loss 1s less than the second switching loss, comprising:
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monitoring a coil current and an output voltage; and

switching the active operating mode of the DC/DC con-
verter from the second operating mode to the first
operating mode 1n response to the coil current crossing
of a first predetermined threshold, a lapse of a pre-
scribed delay after the coil current crossing of the first
predetermined threshold, and the output voltage being
above a predetermined voltage threshold value;

wherein the coil current flows through a predefined coil of
the DC/DC converter;

wherein the prescribed delay is resettable in accordance
with a comparison between the coil current and a
second predetermined threshold value; and

wherein the coil current 1s monitored by using a current
sense resistor and a hysteresis comparator.

18. ADC/DC converter having an active operating mode
that 1s switchable between a first predefined operating mode
and a second predefined operating mode, wherein the first
predefined operating mode 1s characterized by a first switch-
ing loss and the second predefined operating mode 1s char-
acterized by a second switching loss, wherein the first
switching loss 1s less than the second switching loss, the
converter comprising:

an 1nput terminal for receiving an input voltage and an
input current;

an output terminal for providing an output voltage and an
output current to a load;

a control circuit;

a switching device operatively coupled to the control
circuit and the input terminal, wherein the switching
device 1s turned on and off by the control circuit;

a coil 1n which a coil current flows when the switching
device 1s 1n the on state, the coil being operatively
coupled to the switching device; and

a current sense resistor and a hysteresis comparator for
monitoring the coil current and providing a signal to the
control circuit to indicate when the voltage across the
current sense resistor, as generated by the coil current,
1s equal a reference value of the hysteresis comparator;

wherein the control circuit 1s responsive to the signal

provided 1n determining when to turn the switching,

device on or off.

19. The DC/DC converter as recited 1in claim 18, further

comprising a second comparator for monitoring the output
voltage.
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20. The DC/DC converter as recited 1n claim 18, wherein
the control circuit switches the active operating mode of the
DC/DC converter from the first operating mode to the
second operating mode 1n response to the coil current
crossing of a first predetermined threshold, a lapse of a
prescribed delay after the coil current crossing of the first
predetermined threshold, and the output voltage being below
a predetermined voltage threshold value.

21. The DC/DC converter as recited 1n claim 20, further
comprising a counter, wherein the counter determines the
prescribed delay, and upon determining the prescribed delay,
outputs a delay signal to the control circuit.

22. The DC/DC converter as recited in claim 20, further
comprising a selector responsive to the control circuit,
wherein the selector selects between a plurality of signals
used to turn on and off the switching device.

23. The DC/DC converter as recited 1n claim 18, wherein
the control circuit switches the active operating mode from
the second operating mode to the first operating mode 1n
response to the coil current crossing of a first predetermined
threshold 1n combination with a lapse of a prescribed delay
after the coil current crossing of the first predetermined

threshold.
24. The DC/DC converter as recited 1n claim 23, further

comprising a counter, wherein the lapse of the prescribed
delay 1s determined by the counter.

25. The DC/DC converter as recited 1n claim 24, wherein
the lapse of the prescribed delay 1s determined by counting
that the coil current has reached the first predetermined
threshold a prescribed number of times.

26. The DC/DC converter as recited 1n claim 25, wherein
the counting of the prescribed number of times 1s reset 1f the
coll current remains above a second predetermined threshold
a second prescribed number of times.

27. The DC/DC converter as recited 1n claim 26, wherein
the first predetermined threshold and the second predeter-
mined threshold are different.

28. The DC/DC converter as recited 1n claim 26, wherein
the first prescribed number of times and the second pre-
scribed number of times are different.

29. The DC/DC converter as recited 1n claim 23, wherein
the control circuit switches the active operating mode from
the second operating mode to the first operating mode
further 1in response to the output voltage being above a
predetermined voltage threshold value.
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